Background: Irrigants plays a vital role in disinfection of the root canal system. Although concentration dependent, a fine balance between antimicrobial efficacy and biocompatibility need to be maintained at all times. The aim of the present study was to evaluate the cytotoxicity of conventional irrigants on two different cell lines in a dose-dependent manner in vitro. Methods: Sodium hypochlorite (NaOCl), chlorhexidine digluconate (CHX), and iodine potassium iodide (IKI) were prepared in concentrations of 5%, 2.5%, 2%, and 1%. About 0.9% saline served as negative control and Biopure MTAD TM (100%) as positive control. Permanent (Henrietta Lacks [HeLa]) and primary (human gingival fibroblast [HGF]) cell lines were chosen to evaluate the cytotoxicity of the irrigants by trypan blue assay. A volume of 30 µl of the cell suspension was treated with 20 µl of irrigants. The cell suspension was loaded into Neubauer chamber after 5 min, and cell count was performed under inverted microscope and expressed as viability percentage. Results: NaOCl at all concentrations was cytotoxic on both cell lines; MTAD on HeLa had nonviable scores with limited viability on HGF. Only 1% IKI had better viability than higher concentrations. Although 1% CHX had higher viability on both cell lines, bactericidal concentration of 2% CHX showed promising results. Conclusion: Target cell line (HGF) appears to be more sensitive than the use of nontarget cell line (HeLa) for evaluating cytotoxicity. NaOCl and MTAD were cytotoxic and should be used with caution. Lower concentrations of CHX appear to be less cytotoxic than any irrigant and concentrations tested. 
IntroductIon
Persistent intraradicular or secondary infections are the major causes of failure of both poorly treated and well-treated root canals. [1] Chemomechanical preparation and three dimensional filling with an adequate seal are considered essential for long-term endodontic success. [2] Intracanal irrigants play an essential role in removal of smear layer and disinfection. Combined use of sodium hypochlorite (NaOCl) and ethylenediaminetetraacetic acid (EDTA) has been advocated as the gold standard for the above purpose. [3] NaOCl (1%-5.25%) and EDTA (15%-17%) have been recommended for removal of organic and inorganic component of the smear layer, respectively. Although NaOCl is a potent antimicrobial irrigant, only higher concentrations are recommended in eradicating Enterococcus faecalis. [4] Currently, E. faecalis biofilm were found to be resistant to 5.25% NaOCl. [5] On the contrary, longer exposure times and higher concentrations are recommended for NaOCl to disinfect the canal system. [6] EDTA has limited or no antimicrobial efficacy and thus serves as an adjunct rinse only. [7] Although clinically, 5.25% NaOCl and 17% EDTA has been advocated; this protocol has serious limitations that include marked reduction in mechanical properties of dentin and erosion of dentinal tubular microstructure. [8] Recently, Marending et al. evaluated the effects of NaOCl on the structural, chemical, and mechanical properties of human root dentin and stated that NaOCl caused a concentration-dependent reduction of elastic modulus and flexural strength. [9] Most complications of the use of NaOCl appear to be the result of its accidental injection beyond the root apex which can cause violent tissue reactions characterized by pain, swelling, hemorrhage, and in some cases, development of secondary infection and paresthesia. A great deal of caution should therefore be exercised when using NaOCl during endodontic irrigation. [10] Ehrich et al. suggested that a clinician should check, both clinically and radiographically for immature apices, root resorption, apical perforations, or any other conditions that may result in larger than normal volumes of irrigant being extruded from the root-canal system into the surrounding tissue. [11] After chemomechanical preparation with NaOCl has been accomplished, rinsing the canal with EDTA for at least 1 min using 5-10 ml is recommended. Prolonged exposure to strong chelators such as EDTA may weaken root dentin, as dentin hardness, and elastic modulus are functions of the mineral content of the dentin. [12] About 0.12%-2% chlorhexidine (CHX) and 1%-2% iodine potassium iodide (IKI) are excellent antimicrobial irrigants but have limitations that restrict their use in clinical endodontics. [13] Biopure MTAD (Tulsa, Dentsply) has gained endodontic significance and has been advocated as an alternative to EDTA. Most studies have recommended this regimen as it does not affect the dentin microstructure and hardness. [14] Toxicity of irrigants has been evaluated on various cell lines depending on their growth potential, metabolic characteristics, and DNA damage potential. Cell lines of target or nontarget tissues have been utilized and the results obtained have been mixed; thus no definite data exists to confirm simultaneously on both cell lines. [15] Thus, the purpose of our study was to comparatively evaluate the cytotoxicity of conventional irrigants on continuous and primary cell lines based on their concentrations.
Methods

Preparation of irrigants and cell line
This in vitro study was performed in central research laboratory, A. B Shetty Memorial Institute of Dental Sciences, NITTE University. Conventional irrigants; NaOCl (Prevest Denpro Limited), CHX (Sigma) and IKI (Merk-Himedia) were obtained. Concentrations of 1%, 2%, 2.5%, and 5% of the irrigants were prepared for the study. Biopure MTAD (Tulsa Dentsply) and 0.9% normal saline served as control. Henrietta Lacks (HeLa) and human gingival fibroblast (HGF) cell lines were obtained from Manipal life sciences, Manipal and cultured at 37°C in a humidified atmosphere of 5% CO 2 /95% air.
Cell culture and storage
The cells were maintained in a growth medium containing the following constituents: Dulbecco's modified Eagle's medium (Himedia) with 25 mmol/L glucose, 1 mmol/L pyruvate, 4.02 mmol/L L-alanyl-glutamine, and 10% fetal calf serum (Sigma Aldrich). Confluent cells were detached with 0.15% trypsin (Himedia) for 5 min, following which 2 ml of complete medium was added, and the cells were centrifuged at 1000 rpm (180 g) for 5 min. Cell suspension was counted using a Neubauer chamber and seeded in 96 well microtiter plates (Himedia) at a density of 1 × 10 4 cells per well.
Cytotoxicity evaluation
Cytotoxicity was assessed using trypan blue dye. Thirty microliter of the cell suspension was treated with 20 µl of irrigants (conventional irrigants and MTAD). Fifty microliter trypan blue dye (0.05%) was added and allowed for 5 min. The cell suspension was loaded into Neubauer chamber and cell count was performed under inverted microscope (Olympus, India). Nonviable cells appear blue stained. At least, 200 cells were counted per treatment. Vitality percentage was calculated using the formula (% viability = average number of viable cells/total number of cells × 100).
results
In the NaOCl group, higher concentrations (5% and 2.5%) were extremely cytotoxic resulting in nonviable cells in both cell lines. About 2% NaOCl in HeLa accounted for nonviability, while in the HGF, a vitality count of 12.5% was noted. Viable cells in 1% NaOCl accounted for 13.6% (HeLa) and 35% (HGF), respectively as seen in Figure 1 .
One percent CHX had mean viability scores of 94.9% on HeLa and 45% on HGF. There appeared to be little or no difference among 2% and 2.5% on both cell lines. Lowest viability was recorded in 5% CHX which accounted for 33.8% (HeLa) and 40% (HGF) as depicted in Figure 2 .
IKI was similar to CHX and 1% IKI resulting in 63.7% (HeLa); 48% (HGF) cell viability. 2% and 2.5% IKI recorded near similar viable scores. 5% IKI accounted 32.2% (HeLa); 20% (HGF) viability, respectively, as seen in Figure 3 .
In the control groups, 0.9% saline (negative control) scored 93.5% (HeLa) and 66.25% (HGF) cell viability scores. 100% MTAD (positive control) on HeLa was extremely cytotoxic resulting in nonviable cells; on the contrary, 32.5% cell viability was noted in HGF [ Figures 1-3 ]. 
dIscussIon
Irrigants play an essential role in chemomechanical root canal preparation. The antimicrobial efficacy is directly proportional to the concentration of the irrigants. On the contrary, it may seriously affect dentin characteristics and vital tissues if extruded periapically. Hence, a fine balance between antimicrobial efficacy and cytotoxicity need to be noted in clinical endodontics. Although commercial irrigants have been popular based on their antimicrobial efficacy, little is known about their cytotoxic potential. [16] This study was done to evaluate the cytotoxicity of Biopure MTAD with conventional endodontic irrigants on two different cell lines.
Most studies have employed cell lines to evaluate the cytotoxicity of irrigants. [17] The cell lines may reflect the target tissue or otherwise involving either a permanent or primary cell line depending on their study characteristics; [18] however, the use of target tissue may reflect closely the clinical results. [19] In this study, we evaluated the cytotoxicity of different concentrations of conventional irrigants on permanent (HeLa) and primary (HGF) cell lines to ensure uniform cell behavior and reproducibility of results, facilitating comparisons across studies, and test materials. [17] [18] [19] Trypan blue assay was chosen as it is easy to perform, allows qualitative and quantitative assessment of viable and nonviable cells by microscopic analysis. The underlying mechanism is that viable cells have clear cytoplasm while nonviable cells appear stained. [20] The reliability of this test confirmed by ultrastructural analysis revealed nonviable cells allowed dye permeation through cell membrane with disruption of cellular organelles. The use of this assay on both cell lines ensures uniform cell behavior and reproducibility of results, facilitating comparisons across test irrigants. [21] Biopure MTAD (Dentsply, Tulsa) which consists of doxycycline, citric acid and tween 80; has been claimed to have superior antibacterial properties. [22] All irrigants were treated for 5 minutes with the cell lines to standardize the protocol. [23] Chang et al. reported NaOCl and CHX are cytotoxic [24] while Segura et al. and Trevino et al. reported CHX to be cytotoxic. [25, 26] Study data revealed 0.9% physiologic saline had lower viability on HGF (66.25%) in contrast to HeLa (93.5%).
As stated by Eisenbrand et al., single-cell comet assays which are an integral part of cytotoxicity are not recommended on samples showing more than 30% cytotoxicity and thus were not performed. This suggests target cell lines are highly sensitive than nontarget cell lines. [27] The study results suggest that CHX was least cytotoxic followed by IKI and MTAD at any test concentration. NaOCl was most cytotoxic on both cell lines. These findings are in accordance with Missotten et al., who reported all test concentrations of NaOCl were practically cytotoxic with no surviving ocular cells after treatment with 3 min with 0.5% NaOCl. [28] Ribeiro et al. concluded that CHX was not genotoxic on Chinese hamster ovary cells. [29] Benjamin et al. reported 2% CHX was significantly less cytotoxic than 5% NaOCl on human periodontal ligament fibroblasts by trypan blue assay. [30] On the contrary, Sanchez et al. stated that bactericidal concentrations of CHX and IKI were cytotoxic on canine embryonic fibroblasts. [31] Li et al. demonstrated that CHX could disrupt stable cellular redox balance promoting free radical generation and cell death; thus cytotoxic when extruded into the periradicular tissues. [32] Marins et al. found MTAD to be genotoxic on murine fibroblast cell and did not cause cell death. NaOCl was cytotoxic and not genotoxic in a dose-dependent manner with viability scores 40% (5.25%) and 60% (2.5%) for a contact time of 5 min. The lower concentrations of MTAD used (in contrast to manufacturers instruction) could have accounted for higher cell viability scores. [33] Zhang et al. stated that MTAD was not cytotoxic when assessed by MTT method. [34] conclusIon The present study confirms that 1% CHX and 1% IKI had better viability on HGF. Two percent CHX which is clinically recommended shows promising results than any test irrigant. MTAD proved to be cytotoxic on HeLa with nonviable scores and had limited viability on HGF thus questioning its application for a contact time of 5 min as a final rinse. This study assessed the cell viability based on the principle of cell membrane as the target; further studies need to be done to assess the metabolic activity. Despite cytotoxicity, genotoxicity tests which assess the DNA damage need to be evaluated before a final conclusion can be drawn which limit the application of materials in clinical practice.
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